INTRODUCTION
G protein coupled receptors (GPCRs), also referred to as seven transmembrane (TM) domain receptors, represent the largest family of signal transducers for extracellular stimuli.
Upon agonist binding, GPCRs undergo conformational changes allowing the interaction of cytoplasmic domains with heterotrimeric G proteins and promoting the exchange of GDP for GTP on the Gα subunit. This initiates the dissociation of the GTP-bound Gα subunit from the Gβγ heterodimer and the activation of downstream effector pathways. Signals are terminated following hydrolysis of Gα-bound GTP and reformation of the inactive trimeric complex (Pierce et al., 2002) .
Many mechanisms that operate at the receptor or G protein level have evolved to finetune and regulate GPCR signaling. Among these, the most extensively studied is receptor desensitization/internalization which contributes to rapid signaling fading even in the presence of continued agonist exposure. This process involves phosphorylation of receptors in the intracellular loops and/or carboxyl-terminal moiety, binding to β-arrestins followed by binding to clathrin and adaptor protein AP2 (Reiter and Lefkowitz, 2006) . GPCR signaling can also be regulated at post-receptor levels by the regulators of G protein signaling (RGS), a family of diverse and multifunctional proteins that attenuate and/or modulate GPCR-mediated signaling in part by binding to active Gα subunits and by acting as GTPase-activating proteins (GAPs). RGS proteins family members share a conserved 120 amino acid domain, called the RGS box/domain, containing the binding site for Gα and responsible for the GAP activity. They differ in their amino-and carboxy-terminal domains flanking the RGS box that can contain structural domains and binding motifs for a variety of signaling proteins. RGS proteins are classified into six subfamilies based on the RGS box identities and common conserved regions outside the RGS box. The B/R4 subfamily (RGS1, 
contains the simplest RGS proteins. Until very recently, they
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Molecular Pharmacology Fast Forward. Published on December 8, 2008 as DOI: 10.1124 at ASPET Journals on June 22, 2017 molpharm.aspetjournals.org Downloaded from appeared to have no other function other than modulating G protein activity (Hollinger and Hepler, 2002; Neubig and Siderovski, 2002) . In this subfamily, RGS2 and RGS4 are so far the most studied. In particular, the role of exogenous and endogenous RGS2, as a biochemical regulator of levels of inositol trisphosphate and Ca 2+ oscillation was extensively investigated in permeabilized pancreatic acini from rat and from RGS2 -/-mice, respectively (Luo et al., 2001; Wang et al., 2004) . The in vivo function of RGS2 as an essential signaling molecule was shown in RGS2 -/-mice presenting several abnormalities including hypertension, prolonged vasoconstrictor signaling and anxiety (Heximer et al., 2003; Oliveira-Dos-Santos et al., 2000) .
The biochemical mechanisms of GAP activity and the structure of RGS proteins have been well characterized, however, little is known about the cellular mechanisms that regulate RGS proteins recruitment and use, although, RGS proteins appear to regulate Gα functions through recognition of receptor in addition to their association with Gα (Wang et al., 2002; Zeng et al., 1998) . Early evidence for RGS recognition by GPCR came from Xu and coworkers who reported that in pancreatic acinar cells, RGS1, -2, -4 and -16 displayed different regulatory potency toward Gq/11-dependent Ca 2+ signaling in response to activation of three different GPCRs, the muscarinic cholinergic, bombesin or cholecystokinin receptors (Xu et al., 1999) . Since this early finding, a molecular mechanism for regulation of muscarinic receptor M1 by RGS2 involving a direct interaction was reported (Bernstein et al., 2004 , and discussion) but the precise explanation that different RGS display different potencies towards Gq/11-dependent Ca 2+ signaling in response to activation of distinct receptors remains unknown.
Given our specific interest towards the cholecystokinin-2 receptor, we wanted to investigate the mechanism whereby signaling of this receptor is regulated by RGS proteins.
The Cholecystokinin (CCK)-2 receptor (CCK2R), belongs to family A of rhodopsin-like
This article has not been copyedited and formatted. The final version may differ from this version. GPCRs. It binds both cholecystokinin and gastrin, with a similar, high affinity . The CCK2R is expressed in the central nervous system and in the gut where it represents the predominant CCK receptor subtype Noble et al., 1999) .
CCK2R mediates a wide spectrum of CCK-and gastrin-induced biological effects including anxiety, pain perception and gastric acid secretion, as well as controlling growth and differentiation of the gastric mucosa.
In the work presented here, we provided experimental evidences that a direct high affinity and functional interaction occurs between the human CCK2R and RGS2 and identified the interacting residues in the C-terminal phosphorylated region of CCK2R and in the N-terminal moiety of RGS2.
This article has not been copyedited and formatted. The final version may differ from this version. (Moroder et al., 1981 (Pierce et al.) . To verify that the same amount of protein was loaded on the gel, the membranes were stripped and re-probed using a mouse anti-GAPDH antibody (Chemicon) diluted 1:5000 as described here upper. BL21 strains were then transformed with this construct and grown in 500mL LB/Ampicillin medium. Protein production was induced by IPTG addition (1mM) for 90 min. at 30°C. After centrifugation bacteria pellets were resuspended in a lysis buffer (10mM Tris, 60mM NaCl, 1mM EDTA, 1% Triton X100, protease inhibitors), snap-frozen two times in liquid nitrogen and sonicated. Lysates were then kept for 30 min. at 37°C with 50UI/mL DNase I, 2mM
DTT, 2.5mM MgCl 2 and centrifugated at 12000 rpm for 30min. Supernatants were collected and incubated overnight with glutathione beads (Sigma Aldrich). The protein was eluted with 10mM glutathione-reduced. Proteins were purified and concentrated by ultrafiltration using 10kDa cut-off membrane and their concentration determined by
Bradford reagent (Bio-Rad). was estimated to be pure over 90% by coomassie blue staining of SDS-PAGE gel. The biotinylated peptides were immobilized on chips with streptavidin coated matrix (Chip SA BIAcore). 
was immobilized on corboxymethylated dextran
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Molecular Modeling. The 3D-model of RGS2 in water-lipid environment described previously was used for the investigation of RGS2 interactions with the C-terminal part of CCK2R (429-447 residues). The fully flexible docking of the Cterminal part of CCK2R in unphosphorylated/phosphorylated forms to RGS2 was done using
Gold program (Jones et al., 1997) . Each docking pose of the C-terminal part of CCK2R was evaluated by fitness scoring implemented in Gold and also visual inspection. The final complex of the C-terminal part of CCK2R and RGS2 was chosen based on the experimental validations. To investigate the stability of the interactions between RGS2 and the C-terminal part of CCK2R obtained from the docking studies, the final complex was submitted to 1 ns molecular dynamics simulation in water-lipid environment using Gromacs program (Van Der Spoel et al., 2005) . For this purpose, we have used the coordinates of RGS2 and lipids that we obtained previously where the C-terminal part was implemented and the whole system was solvated and neutralized. The system was then minimized and submitted to molecular dynamics simulation. The protocol for the simulation was the same as described . In brief, the simulation was performed at 310K, the time step for integration was 2fs, and LINCS algorithm was used to restrain bond lengths.
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RESULTS

RGS2 modulates CCK2R-mediated inositol phosphate production.
CCK2R is a G-coupled receptor widely expressed in peripheral tissues and in the central nervous system. CCK2R-mediated biological effects result from a signaling cascade starting with Gq-dependent activation of phospholipase C Marco et al., 2007) . In order to identify potential RGS proteins involved in the modulation of CCK2R-mediated signaling, we expressed in COS-7 cells CCK2R in the absence, or presence of increasing amounts of RGS2, RGS4 (both recognized regulators of Gq), or RGS8 (a regulator of Gi/o and Gq). As shown in Fig. 1 , basal ( Fig. 1A) and CCK-induced (1 µM) (Fig. 1B) inositol phosphate accumulation decreased in cells expressing RGS2 or RGS4 but not in those expressing RGS8. RGS2 effects were concentration-dependent as shown by titration experiments with increasing amounts of transfected RGS coding plasmids (Fig. 1C) . In all conditions, CCK potency and affinity were unaffected (data not shown). We next examined, whether changes in the expression level of CCK2R could be at the origin of reduced signaling in the presence of increasing concentrations of RGS2 or RGS4. Regardless of the amount of RGS plasmid used, CCK2R expression levels were not significantly affected by co-expression of RGS2 or RGS8 but were slightly reduced in RGS4 expressing cells (See Fig. 1 legend) .
The reason for the slight decrease of CCK2R expression in RGS4 expressing cells is unknown. However, this first series of data clearly supports that RGS2 is the most efficient regulator of both basal and CCK-stimulated CCK2R-mediated inositol phosphate production.
An internal sequence within the N-terminal domain of RGS2 is required for RGS2
regulation of CCK2R-mediated inositol phosphate production. (Kehrl and Sinnarajah, 2002) . In
This article has not been copyedited and formatted. The final version may differ from this version. Fig. 2A) . Since wild-type CCK2R was previously demonstrated to exhibit a constitutive activity leading to production of inositol phosphates in absence of agonist stimulation (Foucaud et al., 2006; Marco et al., 2007) , effects of RGS2 and truncated variants were tested both on basal and CCK-stimulated production of inositol phosphates in cells. As shown in Fig. 2 completely abolished the RGS2 inhibitory effect. As with full-length RGS2, the inhibitory effect of active truncated RGS2 was concentration-dependent ( Fig. 2D ) and the exogenous co-expression of truncated RGS2 did not modify CCK potency and affinity or CCK2R expression levels (See Fig. 2 legend) . These results thus support that the RGS2 sequence is required for RGS2 inhibition of CCK2R-mediated inositol phosphate production. This sequence has not yet been reported as critical for RGS2 activity. Of interest, it comprises neither the amphipathic helix likely involved in RGS proteins recruitment to membrane, nor the RGS box which comprises Gα subunit binding domain and GAP activity domain (Kehrl and Sinnarajah, 2002 A sequence in the C-terminal tail of CCK2R is required for RGS2 regulation of CCK2R-mediated inositol phosphate production.
We next attempted to identify regions in CCK2R which are critical for RGS2 regulation of CCK2R mediated signaling. We first considered the C-terminal tail of CCK2R
as a candidate sequence due to frequent involvement of this region in GPCRs in multiple regulatory processes. Co-expression of RGS2 and CCK2R truncated in position 409 439 was required for RGS2 inhibitory effect on inositol phosphate production (Fig. 4, table I ).
In contrast, the RGS2 inhibitory effect on basal inositol phosphate production was preserved for all truncated receptors tested (Table I) . We did not observe any changes in CCK affinity or receptor density (Table I) . Despite similar receptor densities, maximal inositol phosphate responses with truncated receptors were enhanced by about 2 fold compared to the wild-type CCK2R response. Basal inositol phosphate production was also enhanced by 1.5 fold with CCK2[1-409]. (Fig. 5 , Table I ). In order to determine whether the effect on truncated CCK2R seen in the absence of RGS2 was caused by the loss of interaction between RGS2
and CCK2R, we carried out pull-down experiments. As shown in Evidence that phosphorylated Ser434 and Thr439 located in the C-terminus of CCK2R are critical for RGS2 ability to modulate CCK2R-mediated inositol phosphate production.
We first examined the theoretical possibility of direct interaction between RGS2 and CCK2R by docking the C-terminal peptide (429-447 residues) of CCK2R to modeled RGS2.
In our previous report , we built the three-dimensional (3D) model of the RGS2, including its N-terminal moiety, in several steps. Since the crystal of the RGS2 box was not available at the time of construction, we employed the crystal of the RGS4 box interacting with Gαi1 protein ( http://www.rcsb.org/, PDB code: 1AGR) to build the RGS2 box using homology modeling. Superimposition of our homology
This article has not been copyedited and formatted. The final version may differ from this version. constructed separately the N-terminal region of RGS2 using the protein structure prediction server ROBETTA (http://www.robetta.net/) and data from circular dichroism spectroscopy analysis of RGS2 N-terminal fragment (39-79 residues) solubilized from COS-7 cells expressing HA-CCK2R . Lastly, we assembled the N-terminal part of RGS2 to our model of the RGS2 box and optimized in water-lipid environment during 5 ns to assess protein stability (details in ). In the current work, to examine theoretical possibilities of a direct interaction between RGS2 and CCK2R, we attempted to dock the C-terminal peptide (429-447 residues) of CCK2R to this 3D-model of RGS2.
Although, during the docking, the C-terminal peptide was fully flexible, we could not find any plausible contacts between two proteins. We then considered that the C-terminal peptide of CCK2R containing a number of Ser and Thr residues represented potential sites of phosphorylation. These could be theoretically predicted using the NetPhos server (Blom et al., 1999) . We therefore carried out a second docking experiment considering the C-terminal part phosphorylated either on S432, S434, S437, Y438 or T439. All obtained complexes showed energetically favorable contacts with positively charged residues K57, K62 and K63 of RGS2
(not shown).
To evaluate the potential contribution of S432, S434, S437, Y438 and T439 located in the C-terminus of CCK2R to the inhibitory effect of RGS2, we exchanged Ser/Thr residues for Ala and Y438 for Phe. For all mutants tested, the inhibitory effect of RGS2 on basal inositol phosphate production was preserved. In contrast, mutation of S434 or T439 to Ala reduced (S434A) or fully abolished (T439A, S434AT439A) the ability of RGS2 to modulate CCK-induced inositol phosphate accumulation ( Fig. 6 and Table II) . CCK potency and affinity were similar to that observed for the wild type receptor either in the absence or the This article has not been copyedited and formatted. The final version may differ from this version. (Table II) . We next evaluated the effect of mutations of S434 or T439 to glutamate, a residue known to mimic phosphorylated Ser/Thr residues. As shown in Table   II , the effect of RGS2 was restored in cells expressing S434E mutant but not T439E mutant.
Although well established for other GPCR, phosphorylation of CCK2R by GRK following repeated or sustained exposure to agonists has not yet been documented. We therefore investigated if S434 and T439 were indeed phosphorylated following CCK exposure in living cells. As shown in Fig. 7A , CCK induced a rapid, dose-dependent stimulation of We further used plasmon resonance technology to experimentally verify in vitro whether a direct interaction between RGS2 and a phosphorylated C-terminal moiety of CCK2R can occur in the absence of any other cell proteins. We tested the binding to recombinant RGS2 of synthetic replicates of the C-terminal tail of CCK2R which were biotinylated on the N-terminus and either phosphorylated or not on both S434 and T439, or phosphorylated only on S434. We observed a clear interaction between the immobilized CCK2R fragment doubly phosphorylated on S434 and T439 (pS434pT439) and RGS2, but no specific binding for the mono-phosphorylated CCK2R fragment (pS434T439) or the nonphosphorylated C-terminal of CCK2R used as a reference peptide to overcome nonspecific interactions between RGS2 and dextran carboxymethylated chips (Fig. 8A) . Binding of RGS2
was dose-dependent (500 nM -8 µM) (Fig. 8B) 
and was completely abolished after removal of the N-terminal region of RGS2 (data not shown). Global fitting of these interactions
This article has not been copyedited and formatted. The final version may differ from this version. resulted in an affinity constant of 79 ± 2 nM (calculated as the ratio between K off and K on ) and a maximal binding of 600 ± 50 resonance units. We also tested the hypothesis that a direct interaction between the third intracellular loop of the CCK2R and RGS2 may occur.
However, plasmon resonance experiments could not detect any specific binding between recombinant RGS2 and a GST-fusion protein corresponding to the third intracellular loop of the CCK2R (GST-3il[244-335]) (data not shown).
All together, these in silico and laboratory data strongly support the idea that regulation of CCK2R-mediated inositol phosphate production by RGS2 involves a direct interaction between the C-terminal phosphorylated of the human CCK2R and an internal sequence in the N-terminal region of RGS2.
Identification of amino acids within the N-terminal region of RGS2 which participate to CCK2R recognition.
Starting with all available experimental results from the current study, the 3D model of the complex between RGS2 and C-terminal tail of CCK2R phosphorylated on S434 and T439 was chosen and optimized in a water-lipid environment. During simulation, stable contacts were achieved including ionic interactions involving phospho-S434 (pS434 in CCK2R) and K62 (RGS2), phospho-T439 (pT439 in CCK2R) and K63 (RGS2) as well as a hydrogen bond between pT439 and Q67 (RGS2) (Fig. 9) . To further assess the molecular basis for specific recognition of RGS2, we first considered sequence alignment of the three RGS proteins tested in the current study. Alignment indicated that in spite of some homology, the N-terminal sequence of RGS8 differs from that of RGS2, especially at positions crucial for interaction. In contrast, RGS4 and RGS2 present strong homology in the loop of interest, except Q67 which in the modeled complex (Fig. 9 ) interacts with pT439 and is not present in RGS4. On this basis, we hypothesized that Q67 may represent a key amino acid for specific recognition of CCK2R. We evaluated the effect of a mutation of Q67 to Ala and found that the RGS2-Q67A
This article has not been copyedited and formatted. The final version may differ from this version. that is not conserved in RGS4 and that may account for correct positioning and access of these amino acids. As shown in Fig. 10 , the replacement of the PKTGKKSKQQ sequence in RGS2 by the corresponding sequence in RGS4 led to a loss of about 50% in the ability of RGS2 to reduce CCK-mediated inositol phosphate accumulation whereas insertion of this RGS2 sequence in RGS4 significantly increased the inhibitory effect of RGS4, chimeric RGS4/2 being almost as effective as wild-type RGS2. As with the wild-type RGS proteins, co-expression of chimeric RGS proteins did not modify CCK potency (Fig. 10) , affinity (data not shown) or CCK2R expression levels.
This article has not been copyedited and formatted. The final version may differ from this version. production, known to be Gq-dependent, is more sensitive to RGS2 than to RGS4 and insensitive to RGS8. Moreover, we showed that the N-terminal region of RGS2 contains a region located between residues 54 and 79 that is required for RGS proteins activity on CCK2R signaling and for the formation of a complex with CCK2R. Surprisingly, we also found that the region of RGS2 between residues 54 and 79 modulates not only agoniststimulated CCK2R-mediated signaling, but also agonist-independent CCK2R-mediated signaling (basal activity or constitutive activity of the receptor) a phenomenon never reported.
These data are in line with those from other studies which reported the importance of the Nterminal region of RGS2 in regulation of GPCRs signaling. Indeed, deletion of this domain was shown to reduce the ability of RGS proteins to attenuate Gq-dependent signaling and eliminates receptor selectivity (Bernstein et al., 2004; Hague et al., 2005; Zeng et al., 1998) .
Moreover, N-terminus of RGS proteins was reported to play a role in the formation of a ternary complex made up of RGS/GPCR/scaffold protein or RGS/GPCR/G proteins independent of agonist stimulation (Bernstein et al., 2004; Hague et al., 2005; Wang et al., 2005) . On the other hand, three amino acids (V9, Q10 and H11) located in the N-terminal region of RGS2 were found to be crucial for binding and inhibition of type V adenylate cyclase activity (Salim et al., 2003) . Interestingly, between this adenylate cyclase binding region and the loop identified as been involved in CCK2R activity (this study), there is an amphipathic helix (residues 33 to 53) which was demonstrated to participate in the anchoring of RGS2 to the plasma membrane (Heximer et al., 2001) . Our results that RGS2 This article has not been copyedited and formatted. The final version may differ from this version. lacking the amphipathic helix still inhibited CCK2R mediated inositol phosphate production support previous findings that RGS2 membrane targeting is not essential for RGS2 activity.
The current study also provides a set of converging experimental results indicating that two amino acids located in the C-terminal region of the CCK2R, namely S434 and T439
are crucial for the ability of RGS2 to modulate CCK-induced inositol phosphate production but not the basal response. Interestingly, these two amino acids must be phosphorylated for functional recognition of RGS2 following agonist stimulation. Firstly, surface plasmon resonance experiments showed that a synthetic replicate of the C-terminal region of CCK2R which was phosphorylated on both S434 and T439 could bind directly with high affinity to recombinant RGS2 in the absence of any other protein. Secondly, immunoprecipitation of CCK2R following [ 32 P] labeling showed that S434 and T439 were indeed phosphorylated following CCK exposure. In addition, replacement of S434 in the CCK2R by a Glu residue, known to mimic phosphorylated Ser/Thr, restored RGS2 regulation of CCK2R-dependent activity. At last, molecular modeling provided structural support and likely physico-chemical explanations for the direct interaction between RGS2 and CCK2R: the interaction between the RGS2 loop and the CCK2R fragment, phosphorylated on both S434 and T439, is energetically favorable; pS434 forms an ionic interaction with K62 of RGS2 and pT439 interacts with both K63 and Q67 through ionic interaction and hydrogen bond, respectively (Fig. 9 ). Experimental results with the Q67A-RGS2 mutant and the RGS2/4 chimera displaying reduced ability to modulate CCK-induced inositol phosphate accumulation relative to intact RGS2, alongside those with the RGS4/2 chimera with equal efficiency to RGS2, not only confirm theoretical predictions, but also provide a molecular basis for a higher efficacy of RGS2 compared to RGS4. This is likely due to Q67 that is conserved in RGS2 among all species and is replaced by a valine in RGS4. The apparent discrepancy between results
showing that Glu substitution of T439 did not restore RGS2 regulation of CCK2R-dependent C-terminal region to recombinant RGS2 can be explained by examining the contact region between RGS2 and the CCK2R in the modeled complex. Indeed, due to its composition and planar shape, the carboxylate function of Glu gives less opportunity of interaction and lower energy bonds relative to the phosphate moiety of T439, which presents one uncharged and three negatively charged oxygens distributed around the phosphor atom (Fig. 7) . Precedents exist showing an inability of Glu substitution to mimic phosphorylated Thr, as for example in the 78-kDa protein kinase Mekk1 (Siow et al., 1997) .
Several studies have recently addressed the mechanism whereby Gαq-coupled receptors interact with preferred RGS with a high degree of specificity (Neitzel and Hepler, 2006) . In fact, our current findings that a direct and functional interaction occurs between the RGS2 N-terminal and CCK2R C-terminal region, but not the third intracellular loop, must be compared with available data with muscarinic M1, α 1 -, β 2 -adrenergic and µ-, δ-opioid receptors (Bernstein et al., 2004; Wang et al., 2005) . RGS2 was shown to be recruited to the plasma membrane by the Gs-coupled β 2 -adrenergic receptor and to bind to the third intracellular loop of the β 2 -adrenergic receptor (Roy et al., 2006) . Hague et al. demonstrated that the N-terminus of RGS2 is required for association with α 1A -AR and selective inhibition of signaling, and that three residues located in the third intracellular loop of α 1A -AR are essential for that interaction (Hague et al., 2005) . On the other hand, Wang et al. found that another adrenergic receptor, the α 1B -AR needs the scaffold protein spinophilin, which binds both the third intracellular loop of α 1B -AR and N-terminus of RGS2, to allow α 1B -AR.RGS2
association (Wang et al., 2005) . In another study, RGS2, through its N-terminal moiety, was found to simultaneously bind to the M1 receptor third intracellular loop and activate Gq with its RGS domain (Bernstein et al., 2004 functional evidence for RGS2 specificity at M1 versus M3 receptors but showed that differential proteasomal regulation of RGS protein level could represent an alternative mechanism controlling RGS proteins activity (Bodenstein et al., 2007) . It is also worthy to mention two studies performed on opioid receptors showing that morphine alters the selective association between µ-opioid receptors and specific RGS proteins (Garzon et al., 2005) and that RGS4 forms a stable complex with Gα, Gβγ and the C-terminal tail of both the µ-and the δ-opioid receptors but only following receptor activation (Georgoussi et al., 2006) . These different data raise the possibility that recognition of RGS2 by GPCR, like that of Gα subunit of trimeric G proteins might occur through non predictable and differently located receptor sequences (Wess, 1997) . Indeed, it is noteworthy that in the third intracellular loop of the mentioned receptors, no obvious consensus RGS proteins binding motifs could be identified.
To explain the fact that N-terminal region of RGS2 interacts with and regulate effector proteins such as G-protein coupled receptor, adenylyl cyclase, tubulin, and the cation channel TRPV6, it has been proposed that that the N-terminal region of RGS2 comprises several short interaction motifs and/or can adopt distinct structures to bind various targets (Heximer and Blumer, 2007) .
The fact that RGS2 regulation of activated CCK2R occurs through the phosphorylated C-terminus of CCK2R leads us to propose a role of RGS2 in CCK2R desensitization complementary to that of β-arrestin. Indeed, the current paradigm for GPCR regulation is that, in addition to G protein coupling, GPCR activation by agonists also initiates the process of receptor desensitization, an adaptive response used by cells to stop G protein signaling (Pierce et al., 2002; Reiter and Lefkowitz, 2006) . In many cases, agonist-specific receptor desensitization involves the following general mechanism: after binding of an agonist, GPCR undergoes conformational changes that allow it to bind to kinases (GPCR Ser/Thr kinases or GRK), and thereby become phosphorylated in intracellular loops and the carboxyl terminus.
This article has not been copyedited and formatted. The final version may differ from this version. Phosphorylation of the receptor promotes the high affinity binding of arrestins to the receptor, which both physically interdicts further coupling of G protein and may act as a signal transducer (Reiter and Lefkowitz, 2006) . The binding of RGS2 (that enhances GTP hydrolysis rate leading to G proteins uncoupling) to phosphorylated CCK2R could be an alternative/additional way of receptor desensitization to the steric hindrance of G protein coupling by β-arrestin. How this concept could be extended to other GPCRs remains to be studied. Moreover, the question of how RGS2, which is apparently associated to CCK2R in its basal state through a region different to the CCK2R C-terminal moiety, binds to the phosphorylated CCK2R C-terminal tail under agonist stimulation remains to be elucidated.
In conclusion this study provides a set of converging results indicating that RGS2 binds directly to CCK2R to modulate its activity. It also allows the identification of the interacting sequences involved both at the CCK2R and the RGS2 level in conditions of agonist stimulation.
ACKNOWLEDGMENTS
We sincerely thank "le Centre Informatique National de l'Enseignement Supérieur" (Montpellier, France) for software and hardware support.
µg). If necessary, total
This article has not been copyedited and formatted. The final version may differ from this version. DNA quantity was adjusted to 2.5 µg with empty vector. Results represent the means ± SEM of a minimum 3 independent experiments in duplicate. In all conditions CCK2R expression levels evaluated by binding studies (RGS2, 88.6 ± 9.7% of control, n=10; RGS2/4, 85.9 ± 8.6% of control, n=3; RGS4/2, 92.3 ± 7.5%; RGS4, 74.3 ± 8.5% of control, n=4 p<0.05).
(B) Western Blot analysis of RGS proteins expression levels. COS-7 cells co-expressing MYC-tagged CCK2R and wt or chimeric HA-tagged RGS were solubilized, resolved on 12% acrylamide-SDS gels, transferred to nitrocellulose membranes and blotted with anti-HA This article has not been copyedited and formatted. The final version may differ from this version. antibody (top panels). The membranes were then stripped and re-probed using a mouse anti-
GAPDH antibody (bottom panels). Representative of 3 independent experiments.
This article has not been copyedited and formatted. The final version may differ from this version. Table I : Summary of the effects of truncation of CCK2R on the affinity and biological activity of CCK either in the absence or presence of RGS2.
